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(57) A rinse aid composition and method of using it 
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monomer and about 1 wt. % to about 50 wt % of at least 
one monomer including a copolymerizable sulfonated 
monomer, copolymerizable nonionic monomer or both. 
The composition prevents the formation of scale in the 
machine dishwasher. 
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Description 

Field pf the Invention 

5 This invention pertains to rinse aid compositions for machine dishwashing containing scale inhibiting polymers to 
control calcium phosphate scale. 

Background of the Invention 

10 The machine dishwashing process comprises washing articles in a main wash cycle and rinsing them In one or 
more rinse cycles. A rinse aid composition is designed for use in the final rinse step of the machine dishwashing oper- 
ation, separately from the detergent composition used in the main wash cycle. The rinse aid's performance is judged 
particularly by its ability to prevent spot and film formation on washed articles. Rinse aid compositions usually comprise 
an aqueous liquid containing a low-foaming nonionic surfactant hydrotropes and an ingredient such as citric acid that 

is can act as a builder and a pH control agent. 

For many years, sodium tripolyphosphate (STP) has been used in the main wash product for machine dishwashing 
operation as the primary detergency builder to sequester water hardness ions (Ca 2+ , Mg 2 *). However, precipitation of 
STP by hardness tons can occur under underbuilt conditions which arise when an insufficient amount of STP is present 
in high hardness water. This situation can result in calcium phosphate deposition (scaling) on washed article surfaces. 

20 The tendency of scaling with some slow-dissolving tablet main wash products is even higher because, during the 
course of tablet dissolution, the wash liquor can be underbuilt if relatively high levels of hardness ions are present. The 
dissolution profile of the tablet is such that in the initial stages of the wash, only part of the available phosphate will be 
delivered to the wash water. In addition, underdosage of other forms of product such as liquids, powders, granulates 
and gels, can also cause a comparable scaling problem. 

25 A separate problem arises from wash liquor containing STP being carried over from the main wash cycle into the 
rinse cycle. This carry-over results in an underbuilt or supersaturated rinse water under hard water conditions, and can 
lead to further scale deposition on the articles or to a reduction in the ability of the rinse water to remove previous dep- 
osition. Usually, there is a build up of scale and this deposition causes an objectionable filming, especially on glassware 
surfaces. Increasing temperature and water hardness increases scaling dramatically. 

so Regarding inhibiting scaling, US-A-5,420,21 1 describes acid functional copolymers grafted to a polyethylene glycol 
backbone as detergent additives which have the property of inhibiting film formation in the main wash of machine dish- 
washing. However, the control of calcium phosphate scale related to underbuilt machine dishwashing conditions with 
an STP-built main wash product is not taught or suggested. 

WO 95/32271 describes terpolymers containing carboxlic acid, 2-alkylalhyI sulfonic acid and a carbohydrate derived 

35 from sugar for use in rinsing agents for dishwashing machines to prevent the formation of spots on washed articles. 

DE4415804 describes terpolymers containing acrylic acid, maleic acid and vinyl alcohol and/or vinyl acetate for 
use in rinsing agents for dishwashing machines to prevent the formation of spots on dried crockery, glassware and cut- 
lery. 

US- A- 5,306,429 describes copolymers of polyamino acids as scale inhibiting agents which are said to be useful in 
40 preventing calcium phosphate scale formation when formulated in products designed for the main wash. 

EP-A- 561 ,464 describes polyamino compounds, including polyaspartic acid and its salts, in rinse aid compositions 
to prevent scaling during the rinse step. However, it teaches that this rinse aid composition is particularly useful with 
phosphate-free main wash compositions. This qualification means that the polymer described is for inhibition of calcium 
carbonate scale, related to the hard water used, rather than fa inhibition of calcium phosphate scale, related to under- 
45 built wash conditions with STP-built machine dishwashing compositions. The nature and the formation mechanism of 
these two types of scale are different. 

EP-A- 659,873 describes an organo diphosphonic acid compound in rinse aid compositions to prevent calcium car- 
bonate scale. Again, the control of calcium phosphate scale related to underbuilt wash conditions is not taught or sug- 
gested. 

50 Biodegradable copolymers of itaconic acid and vinyl alcohol or vinyl acetate have been described in WO 94/1 71 70 
for incorporation in machine dishwashing and rinse aid compositions to prevent lime scale. Again, the control of calcium 
phosphate scale related to underbuilt wash conditions is not taught or suggested. 

The prior art has not considered the calcium phosphate scale problem, especially as related to underbuilt machine 
dishwashing conditions arising under high water hardness. Therefore, the objectives of the present invention are the 

55 identification of scale inhibitors that are effective for inhibiting calcium / STP scale in underbuilt conditions, and particu- 
larly, the methods of their use for superior scale-inhibiting performance in machine dishwashing under underbuilt con- 
ditions. 
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Summary of the Invention 

The present invention provides rinse aid compositions containing scale inhibiting polymers for machine dishwash- 
ing to control calcium phosphate scale and water. The polymer used in said rinse aid compositions consists of 50 to 
5 99% by wl , preferably from 70 to 98%, most preferably from 75 to 95% by wt of an def inicaJly unsaturated carbaxylic 
acid and 1% to 50%, preferably from 2 to 30%. most preferably from 5 to 25% by wt of at least one monomer unit 
selected from the group consisting of 

(a) copolymerizable sulfonated monomers, 
10 (b) copolymerizable nonionic monomers or 
(c) mixtures of (a) and (b). 

The average molecular weight of the polymers ranges from 1500 to 250,000, preferably from 5,000 to 100,000. 
The invention is also directed to a method of using the polymers in machine dishwashing for superior scale-tnhibi- 
15 tion performance. 

Detailed Description of the Invention 

The compositions of the invention can be formulated in any desired form such as tablets, powders, granulates, 
20 pastes, liquids and gels, liquid compositions are most preferred. 

Scale inhibitors 

An essential component of the compositions in accordance with the invention is a scale-inhibiting copolymer. It 
25 comprises 50 to 99% by wt, preferably from 70 to 98%. most preferably from 75 to 95% by wt. of an olefinically unsatu- 
rated carbaxylic add monomer and 1% to 50% t preferably from 2 to 30%, most preferably from 5 to 25% by wt. of at 
least one monomer unit selected from the group consisting of 

(a) copolymerizable sulfonated monomers, 
so (b) copolymerizable nonionic monomers or 
(c) mixtures of (a) and (b). 

The olefinically unsaturated carbaxylic acid monomer for use herein is intended to include aliphatic, branched or 
cyclic, mono- or dicarboxylic acids, the alkali or alkaline earth metal or ammonium salts thereof, and the anhydrides 

35 thereof. Useful olefinically unsaturated acids of this class include acrylic acid comonomers typified by acrylic acid itself, 
methacrylic acid, ethacrylic acid, alpha-chloro-acrylic acid, alpha-cyano acrylic acid, beta methyl-acrylic acid (crotonic 
acid), alpha-phenylacryfic acid, beta-acrylaxy propionic acid, sorbic acid, alpha-chloro sorbic acid, angelic add, dn- 
namic acid, p-chloro dnnamic add. beta-styryl acrylic acid (1-carboxy-4-phenyl butadiene-1,3), itaconic acid, maleic 
acid, dtraconic acid, mesaconic acid, glutaconic acid, aconitic add.fumaric acid, and tricarboxyethylene. 

40 For the polycarboxytic acid monomers, an anhydride group is formed by the elimination of one molecule of water 
from two carboxyl groups located on the same porycarboxylic acid molecule. Preferred carboxylic monomers for use in 
this invention are the monoolefinic acrylic acids having a substituent selected from the class consisting of hydrogen, 
halogen and hydroxy! groups, monovalent alkyl radicals, monovalent aryl radicals, monovalent aralkyi radicals, mono- 
valent alkaryl radicals and monovalent cycloaliphatic radicals. As used herein, (meth) acrylic acid is intended to include 

45 acrylic add and methacrylic add. Preferred unsaturated carbaxylic acid monomers are acrylic and methacrylic acid, 
more preferably acrylic acid. 

Examples of sulfonate monomers (a) indude, but not limited to. allyl hydroxypropanyl sulfonate ether, allylsulfbnic 
acid, methallylsulfdnic acid, styrene sulfonic acid, vinyl toluene sulfonic add. acrylamido alkane sulfonic add, allyloxy- 
benzene sulfonic acid, 2-alkylallyloxybenzene sulfonic acid such as 4-sulfophenol methallyl ether, and the alkali or alka- 
50 line earth metal or ammonium salts thereof. 

The copolymerizable nonionic monomers (b) are vinyl or allyl compounds selected from the group consisting of C r 
C 6 alkyl esters of (meth)acrylic acid, acrylamide and the C r C B alkyl-substituted acrylamides, the N-alkyl-substituted 
acrylamides and the N-alkanol-substituted acrylamides, N-vinyl pynolidone or any other vinyl amWe. Also useful are the 
C r C6 alkyl esters and C r C 6 alkyl half-esters of unsaturated vinylic acids, such as maleic acid and itaconic acid. Pre- 
ss ferred nonionic monomers are selected from the group consisting of methyl (meth)acrylate, mono- and dimethyl 
maleate, mono- and di-ethyl itaconate, and (meth)allyl acetates, propionates and valerates. Particularly preferred is 
methyl methacrylate. Minor amounts of crosslinking monomers such as diallyl maleate, alkylene bisacrylamide and tri- 
allyl cyanurate may also be employed herein. 
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The average molecular weight of the polymers ranges from 1500 to 250,000, preferably from 5,000 to 100,000. 

A suitable example of scale-inhibiting copolymers include, but are not limited to a tetrapolymer of 4-surfophenol 
methallyl ether, sodium methallyl sulfonate, acrylic acid and methyl methacrylate. The monomer unit, sulfophenol meth- 
allyl ether, has a formula (I): 

5 

CH 2 =C(CH3)CH20C 6 H4S03M (I) 

where M represents hydrogen, alkali metal, alkaline earth metal or ammonium ions. 

Other suitable examples of scale-inhibiting copolymers include, but are not limited to, a copolymer of acrylic acid 
w and 4-sulfophenol methallyl ether; a copolymer of acrylic acid and 2-acrylamido-2-methytpropane sulfonate; a terpoly- 
mer of acrylic acid, 2-acrylamido-2-methylpropane sulfonate and sodium styrene sulfonate; a copolymer of acrylic acid 
and vinyl pyrrolidone; and a copolymer of acrylic acid and acrylamide. Preferably, the polymer is the tetrapolymer of 4- 
sulfophenol methallyl ether, sodium methallyl sulfonate, acrylic acid and methyl methacrylate. 

The copolymer incorporated in the compositions of the invention are present in an effective amount preferably from 
is 0.01% to 20% by wt, more preferably from 0.075 to 20% by wt., most preferably from 0.15% to 15% by wt These cor- 
respond to a copolymer level of 0.1 ppm to 120 ppm. preferably from 0.5 ppm to 1 15 ppm, most preferably from 1 ppm 
to 1 00 ppm in the rinse liquor if the rinse aid is used at a normal dosage level of 3 ml/5 liter rinse water. 

Another objective of the invention is to provide a process for warewashing in a dishwashing machine whereby in 
the rinse step there is added to the rinse water a scale inhibiting polymer defined within the scope of this invention in 
20 an amount such that the rinse liquor contains the definedr^lyrrmrsinaw3n(^ntrationoffrom0.1 ppmto 120ppm, pref- 
erably, from 1ppm to 100 ppm. 

Preferred commercial available copolymers include: Alcosperse 240, Aquatreat AR 540 and Aquatreat MPS sup- 
plied by Afoo Chemical; Acumer 3100 and Acumer 2000 supplied by Rohm & Haas; Goodrich K-798, K-775 and K-797 
supplied by BF Goodrich; ACP 1042 supplied by ISP technologies Inc.; and poiyacrylic acid/acrytamide supplied by 
26 Aidrich. A particularly preferred copolymer is Alcosperse 240 supplied by Alco Chemical. 

pHofthecpmposftions 

In a highly preferred aspect of the invention, the compositions have a pH as a 1 % solution in distilled water at 20°C 
30 of less than 7, preferably from 0.5 to 6.5, most preferably from 1 .0 to 5.0. 

The pH of the compositions may be adjusted by the use of various pH adjusting agents. Preferred acidification 
agents include inorganic and organic acids including, for example, carboxylic acids, such as citric and succinic acids, 
polycarboxylic acids, such as poiyacrylic acid, and also acetic acid, boric acid, malonic acid, adipic acid, fumaric acid, 
lactic acid, glycofic acid, tartaric acid, tartronic acid, maloic acid, their derivatives and any mixtures of the foregoing. 
35 Most preferred acidification add is citric acid which has the advantage of providing builder capacity to the rinse solution. 

gu r ftctant System 

A surfactant system comprising a surfactant selected from nonionic, anionic, cationic, amphoiytic and zwitterionic 
40 surfactants and mixtures thereof is preferably present in the composition. 

The surfactant system most preferably comprises low foaming nonionic surfactant, selected for its wetting ability, 
preferably selected from ethoxylated and/or propoxylated nonionic surfactants, more preferably selected from nonionic 
ethoxylated/prcpoxylated fatty alcohol surfactants. 

The surfactant system is typically present at a level of from 1% to 40% by weight more preferably 1 .5% to 30% by 
45 weight, most preferably from 5% to 20% by weight of the compositions. 

Anionic Surfactant 

Essentially any anionic surfactants useful for detersive purposes can be included in the compositions. These can 
so include salts (including, for example, sodium, potassium, ammonium, and substituted ammonium salts such as mono 
, di- and triethanolamine salts) of the anionic sulfate, sulfonate, carboxylate and sarcosinate surfactants. 

Other anionic surfactants include the isethionates such as the acyl isethionates, N-acyl taurates, fatty acid amides 
of methyl tauride, alkyl succinates and sulfosuccinates, monoesters of sulfosucdnate (especially saturated and unsatu- 
rated C 12 -C-i8 monoesters), diesters of sulfosucdnate (especially saturated and unsaturated C 6 -C 14 diesters). N-acyl 
55 sarcosinates. Resin acids and hydrogenated resin acids are also suitable, such as rosin, hydrogenated rosin, and resin 
acids and hydrogenated resin acids present in or derived from tallow oil. 
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Anionic sulfate surfactant 

Anionic sulfate surfactants suitable for use herein include the linear and branched primary alkyl sulfates, alkyl 
ethoxysuHates, fatty oleyl glycerol sulfates, alkyl phenol ethylene oxide ether sulfates, the Cg-C^ acyl N-(C r C 4 alkyl) 
5 and -N-(C r C2 hydroxyalkyl) glucamine sulfates, and sulfates of alkyljpolysaccharides such as the sulfates of alkylpoly- 
glucoside (the nonionic nonsuHated compounds being described herein). 

Alkyl ethoxysulfate surfactants are preferably selected from the group consisting of the Cg-C^ alkyl sulfates which 
have been ethoxylated with from about 0.5 to about 20 moles of ethylene oxide per molecule. More preferably, the alkyl 
ethoxysulfate surfactant is a (VC 18 alkyl sulfate which has been ethoxylated with from about 0.5 to about 20, preferably 
jo from about 0.5 to about 5, moles of ethylene oxide per molecule. 

Anionic sulfonate surfactant 

Anionic sulfonate surfactants suitable for use herein include the salts of C5-C20 linear alkytbenzene sulfonates, alkyl 
15 ester sulfonates, C 6 -C 2 2 primary or secondary alkane sulfonates, C 6 -C 2 4 olefin sulfonates, sulfonated poiycarboxylic 
acids, alkyl glycerol sulfonates, fatty acyl glycerol sulfonates, fatty oleyl glycerol sulfonates, and any mixtures thereof. 

Anionic carboxylate surfactant 

20 Anionic carboxylate surfactants suitable for use herein include the alkyl ethoxy carboxylates, the alkyl polyethoxy 
polycarboxylate surfactants and the soaps ('alkyl carboxyls*), especially certain secondary soaps as described herein. 
Preferred alkyl ethoxy carboxylates for use herein include those with the formula 

RO(CH 2 CH 2 0) x CH 2 COO"M + 

25 

wherein R is a C 6 to C 18 alkyl group x ranges from 0 to 10, and the ethoxylate distribution is such that, on a weight 
basis, the amount of material where x is 0 is less than about 20%, and the amount of material where x is greater than 
7, is less than about 25%. the average x is from about 2 to 4 when the average R is C 13 or less, and the average x is 
from about 3 to 10 when the average R is greater than C 13 , and M is a cation, preferably chosen from alkali metal, alka- 
30 line earth metal, ammonium, mono-, di-, and triethand-ammonium, most preferably from sodium, potassium, ammo- 
nium and mixtures thereof with magnesium ions. The preferred alkyl ethoxy carboxylates are those where R is a C 12 to 
C 18 alkyl group. 

Alkyl polyethoxy polycarboxylate surfactants suitable for use herein include those having the formula RCMCHR-,- 
CHR 2 -0) x -R 3 wherein R is a C 6 to C 18 alkyl group, x is from 1 to 25, R t and Ra are selected from the group consisting 
35 of hydrogen, methyl acid radical, succinic acid radical, hydroxysuccinic acid radical, and mixtures thereof, wherein at 
least one R 1 or R 2 is a succinic acid radical or hydroxysuccinic acid radical, and R3 is selected from the group consisting 
of hydrogen, substituted or unsubstituted hydrocarbon having between 1 and 8 carbon atoms, and mixtures thereof. 

Preferred soap surfactants are secondary soap surfactants which contain a carboxyl unit connected to a secondary 
carbon. The secondary carbon can be in a ring structure, e.g. as in p-octyl benzoic acid, or as in alkyt-substituted 
40 cyclohexyl carboxylates. The secondary soap surfactants should preferably contain no ether linkages, no ester linkages 
and no hydroxy! groups. There should preferably be no nitrogen atoms in the head-group (arnphiphflic portion). The sec- 
ondary soap surfactants usually contain 1 1-13 total carbon atoms, although slightly more (e.g., up to 16) can be toler- 
ated, e.g. p-octyl benzoic acid. 

The following general structures further illustrate some of the preferred secondary soap surfactants: 

45 

A. A highly preferred class of secondary soaps comprises the secondary carboxyl materials of the formula: 

tfCH(R 4 )COOM, 

so wherein R 3 is CH 3 (CH2) X and R 4 is CH^CH^y wherein y can be 0 or an integer from 1 to 4, x is an integer from 4 
to 10 and the sum of (x + y) is 6-10. 
preferably 7-9, most 
preferably 8. 

55 B. Another preferred class of secondary soaps comprises those carboxyl compounds wherein the carboxyl substrt- 
uent is on a ring hydrocarbyl unit, i.e., secondary soaps of the formula: 

R 5 -R 6 -CCX)M, 
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wherein R 5 is Cy-C^. preferably C 8 -C 9 . alkyl or alkenyl and R 6 is a ring structure, such as benzene, cyclopentane 
and cyclohexane. (Note: R 5 can be in the ortha meta or para position relative to the carboxyl on the ring.) 

C. Still another preferred class of secondary soaps comprises secondary carboxyl compounds of the formula: 

5 

CH 3 (CHR) k -(CH 2 ) m -(CHR) n -CH(COOM)(CHR) 0 -(CH 2 )p(CHR) q .CH3, 

wherein each R is 0yC 4 alkyl, wherein k, m, n, o, q are integers in the range of 0-8, provided that the total number 
of carbon atoms (including the carboxylate) is in the range of 10 to 18. 

10 

In each of the above formulas A, B and C, the species Mean be any suitable, especially water solubilizing, counte- 

rion. 

Especially preferred secondary soap surfactants for use herein are water-soluble members selected from the group 
consisting of the water-soluble salts of 2-methyl-1 -undecanoic acid, 2-ethyl-1 -decanoic acid, 2-propyl-1 -nonanoic acid, 
is 2-butyM-octanoic acid and 2-pentyl-1 -heptanoic acid. 

Alkali metal sarcosinate surfactant 

Other suitable anionic surfactants are the alkali metal sarcosinates of formula : 

20 

R-qOMR^CHaCXXM, 

wherein R is a C 5 -C 17 linear or branched alkyl or alkenyl group, R 1 is a CyC A alkyl group and M is an alkali metal ion. 
Preferred examples are the myristyl and oleyl methyl sarcosinates in the form of their sodium salts. 

25 

Nopjonic surfactant 

Essentially any nonionic surfactants useful for detersive purposes can be includes in the compositions. Exemplary, 
non-limiting classes of useful nonionic surfactant are listed below. 

30 

Nonionic polyhydroxy fatty acid amide surfactant 

Polyhydroxy fatty acid amides suitable for use herein are those having the structural formula: 

35 F^CONR^ 

wherein R 1 is H, CrC 4 hydrocarbyl, 2- hydroxy ethyl, 2-hydraxy propyl, or a mixture thereof, preferable CyC 4 alkyl, 
more preferably C 1 or C2 alkyl* most preferably C 1 alkyl (La, methyl); and R 2 is a C 5 -C 31 hydrocarbyl, preferably 
straight-chain C 5 -C 19 alkyl or alkenyl, more preferably straight-chain Cg-C^ alkyl or alkenyl, most preferably straight- 
40 chain C 11 -C 17 alkyl or alkenyl, or mixture thereof; and Z is a polyhydraxyhydrocarbyl having a linear hydrocarbyl chain 
with at least 3 hydroxyls directly connected to the chain, or an alkoxytated derivative (preferably ethoxylated or propox- 
ylated) thereof. Z preferably will be derived from a reducing sugar in a reductive amination reaction; more preferably Z 
is a glycityl. 

45 Nonionic condensates of alkyl phenols 

The polyethylene, polypropylene, and poiybutylene oxide condensates of alkyl phenols are suitable for use herein. 
In general, the polyethylene oxide condensates are preferred. These compounds include the condensation products of 
alkyl phenols having an alkyl group containing from about 6 to about 18 carbon atoms in either a straight chain or 
so branched chain configuration with the alkylene oxide. 

Nonionic ethoxylated alcohol surfactant 

The alkyl ethoxylate condensation products of aliphatic alcohols with from about 1 to about 25 moles of ethylene 
55 oxide are suitable for use herein. The alkyl chain of the aliphatic alcohol can either be straight or branched, primary or 
secondary, and generally contains from 6 to 22 carbon atoms. Particularly preferred are the condensation products of 
alcohols having an alkyl group containing from 8 to 20 carbon atoms with from about 2 to about 10 moles of ethylene 
oxide per mole of alcohol. 
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Nonionic ethoxylated/propoxylated fatty alcohol surfactant 

The ethaxylated C 6 -C 18 fatty alcohols and C6-C 18 mixed ethoxylatedfcropoxylated fatty alcohols are highly pre- 
ferred surfactants tor use herein, particularly where water soluble. Preferably the ethaxylated fatty alcohols are the C-) 0 - 
5 C 18 ethoxylated fatty alcohols with a degree of ethoxylation of from 3 to 50, most preferably these are the C 12 -C 18 
ethoxylated fatty alcohols with a degree of ethoxylation from 3 to 40. Preferably the mixed ethoxylated/propoxylated fatty 
alcohols have an alkyl chain length of from 1 0 to 1 8 carbon atoms, a degree of ethoxylation of from 3 to 30 and a degree 
of propoxylation of from 1 to 10. 

io Nonionic EO/PO condensates with propylene glycol 

The condensation products of ethylene oxide with a hydrophobic base formed by the condensation of propylene 
oxide with propylene glycol are suitable far use herein. The hydrophobic portion of these compounds preferably has a 
molecular weight of from about 1500 to about 1800 and exhibits water insolubility. Examples of compounds of this type 
is include certain of the commercially-available 'Pluronic' surfactants, marketed by BASF. 

Nonionic EO condensation products with propylene oxide/ethylene diamine adducts 

The condensation products of ethylene oxide with the product resulting from the reaction of propylene oxide and 
20 ethyienediamine are suitable for use herein. The hydrophobic moiety of these products consists of the reaction product 
of ethyienediamine and excess propylene oxide, and generally has a molecular weight of from about 2500 to about 
3000. Examples of this type of nonionic surfactant include certain of the commercially available Tetronic 111 compounds, 
marketed by BASF. 

25 Nonionic fatty acid amide surfactant 

Fatty acid amide surfactants suitable for use herein are those having the formula 

R 6 (C=0)N(R 7 )2 

30 

wherein R 6 is an alkyl group containing from 7 to 21 . preferably from 9 to 1 7 carbon atoms and each R 7 is selected from 
the group consisting of hydrogen. C, -C 4 alkyl, C^-C A hydroxyalkyl, and -{C^i 4 0)Jr\, where x is in the range of from 1 
to 3. 

35 Amphoteric surfactant 

Suitable amphoteric surfactants for use herein include the amine oxide surfactants and the alkyl amphocarboxylic 
acids. 

A suitable example of an alkyl amphooficarboxylic acid for use herein is MiranoJfTM) C2M Cone, manufactured by 
40 Miranol, Inc., Dayton, NJ. 

Amine Oxide surfactant 

Amine oxides useful in the present invention include those compounds having the formula: 

45 

R 3 (OR 4 ) x NO(R 5 ) 2 

wherein R 3 is selected from an alkyl, hydroxyalkyl, acylamidopropoyl and alkyl phenyl group, or mixtures thereof, con- 
taining from 8 to 26 carbon atoms, preferably 8 to 1 8 carbon atoms; R 4 is an aikylene or hydroxyalkytene group contain- 
so ing from 2 to 3 carbon atoms, preferably 2 carbon atoms, or mixtures thereof; x is from 0 to 5, preferably from 0 to 3; 
and each R 5 is an alkyl or hydyroxyalkyl group containing from 1 to 3, preferably from 1 to 2 carbon atoms, or a poly- 
ethylene oxide group containing from 1 to 3, preferable 1, ethylene oxide groups. The R 5 groups can be attached to 
each other, e.g., through an oxygen or nitrogen atom, to form a ring structure. 

These amine oxide surfactants in particular include C 10 -C 18 alkyl dimethyl amine oxides and (VC 18 alkoxy ethyl 
55 dihydroxyethyl amine oxides. Examples of such materials include cfimethyloctylamine oxide, diethyWecylamine oxide, 
bis-(2-hydroxyethyl)dodecylamine oxide, dimethyldodecylamine oxide, dipropyftetradecylamine oxide, methylethylhexa- 
decylamine oxide, dodecylamidopropyl dimethylamine oxide, cetyl dimethylamine oxide, stearyl dimethylamine oxide, 
tallow dimethylamine oxide and dimethyl-2-hydraxyoctadecytemine oxide. Preferred are C 10 -C 18 alkyl dimethylamine 
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Nonionic ethoxylated/propoxylated fatty alcohol surfactant 

The ethoxylated C 6 -C 18 fatty alcohols and C 6 -C 18 mixed ethoxylated/propoxylated fatty alcohols are highly pre- 
ferred surfactants tor use herein, particularly where water soluble. Preferably the ethoxylated fatty alcohols are the C 10 - 
5 C 18 ethoxylated fatty alcohols with a degree of ethoxylation of from 3 to 50, most preferably these are the C 12 -C 18 
ethoxylated fatty alcohols with a degree of ethoxylation from 3 to 40. Preferably the mixed ethoxylated/lpropoxylated fatty 
alcohols have an alky! chain length of from 10 to 1 8 carbon atoms, a degree of ethoxylation of from 3 to 30 and a degree 
of propoxylation of from 1 to 1 0. 

io Nonionic EO/PO condensates with propylene glycol 

The condensation products of ethylene oxide with a hydrophobic base formed by the condensation of propylene 
oxide with propylene glycol are suitable tor use herein. The hydrophobic portion of these compounds preferably has a 
molecular weight of from about 1500 to about 1800 and exhibits water insolubility. Examples of compounds of this type 
75 include certain of the commercially-available 'Pluronic f surfactants, marketed by BASF. 

Nonbnic EO condensation products with propylene oxide/ethylene diamine adducts 

The condensation products of ethylene oxide with the product resulting from the reaction of propylene oxide and 
20 ethylenediamine are suitable for use herein. The hydrophobic moiety of these products consists of the reaction product 
of ethylenediamine and excess propylene oxide, and generally has a molecular weight of from about 2500 to about 
3000. Examples of this type of nonionic surfactant include certain of the commercially available Tetanic™ compounds, 
marketed by BASF. 

25 Nonionic fatty acid amide surfactant 

Fatty acid amide surfactants suitable for use herein are those having the formula 

R 6 (C=0)N(R 7 )2 

30 

wherein R 6 is an alkyt group containing from 7 to 21 , preferably from 9 to 1 7 carbon atoms and each R 7 is selected from 
the group consisting of hydrogen. C t -C 4 alkyl. hydroxyalkyl, and -((y^O)^, where x is in the range of from 1 
to 3. 

35 Amphoteric surfactant 

Suitable amphoteric surfactants tor use herein include the amine oxide surfactants and the alkyl amphocarboxylic 
acids. 

A suitable example of an alkyl amphodcarboxylic acid for use herein is Mirand(TM) C2M Cone, manufactured by 
40 Miranol, Inc., Dayton, NJ. 

Amine Oxide surfqcfcnt 

Amine oxides useful in the present invention include those compounds having the formula: 

45 

R 3 (OR 4 ) x NO(R 5 ) 2 

wherein R 3 is selected from an alkyl, hydroxyalkyl, acylamidopropoyl and alkyl phenyl group, or mixtures thereof, con- 
taining from 8 to 26 carbon atoms, preferably 8 to 1 8 carbon atoms; R 4 is an alkylene or hydroxyalkylene group oontain- 

50 ing from 2 to 3 carbon atoms, preferably 2 carbon atoms, or mixtures thereof; x is from 0 to 5, preferably from 0 to 3; 
and each R 5 is an alkyl or hydyroxyalkyl group containing from 1 to 3, preferably from 1 to 2 carbon atoms, or a poly- 
ethylene oxide group containing from 1 to 3, preferable 1 , ethylene oxide groups. The R 5 groups can be attached to 
each other, e.g., through an oxygen or nitrogen atom, to form a ring structure. 

These amine oxide surfactants in particular include C^-C^ alkyl dimethyl amine oxides and C 8 -C 18 alkoxy ethyl 

55 dihydroxyethyl amine oxides. Examples of such materials include cfimethyloctylamine oxide, diethyldecylamine oxide, 
bis-(2-hydroxyethyl)dodecyl amine oxide, dimethyldodecylamine oxide, dipropyrtetradecylamine oxide, methylethyihexa- 
decylamine oxide, dodecylamidopropyl dimethylamine oxide, cetyl dimethylamine oxide, stearyl dimethylamine oxide, 
tallow dimethylamine oxide and dimethyl-2-hydroxyoctadecyIamine oxide. Preferred are C 10 -C 18 alkyl dimethylamine 
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oxide, and C 10 -C 18 acylamido alkyl dimethylamine oxide. 
Zwinerionicsun^ctant 

5 Zwitterionic surfactants can also be incorporated into the compositions hereof. These surfactants can be broadly 
described as derivatives of secondary and tertiary amines, derivatives of heterocyclic secondary and tertiary amines, 
or derivatives of quaternary ammonium, quaternary phosphonium or tertiary surfordum compounds. Betaine and 
suftaine surfactants are exemplary zwitterionic surfactants for use herein. 

10 Betaine surfactant 

The betaines useful herein are those compounds having the formula R(R i ) 2 N*R 2 COO' wherein R is a C 6 -C 18 
hydrocarbyl group, preferably a C 10 -C 16 alkyl group or C 1(M 6 acylamido alkyl group, each R 1 is typically C-i -C3 alkyl. 
preferably methyl, and R 2 is a CyC 5 hydrocarbyl group, preferably a -C 3 alkylene group, more preferably a CyCz 
15 alkylene group. Examples of suitable betaines include coconut cylamidopropytdimethyl betaine; hexadecyl cfimethyt 
betaine; C 12 . 14 acylamidopropylbetaine; Q^u acylamidohexyldiethyl betaine; 4lC 14 .ie a^methylanwJodiethylammo- 
nio]-1-carboxybutane; C^^acylamidodimethylbetaine; C12-16 acylamidopentanedielhylbetaine; C 12 -16 acylmethylami- 
dodimethylbetaine. Preferred betaines are C 12 . 18 dimethylammonio hexanoate and the C 10 .18 acylamidopropane (or 
ethane) dimethyl (or diethyl) betaines. Complex betaine surfactants are also suitable for use herein. 

20 

Sultaine surfactant 

The sultaines useful herein are those compounds having the formula (R(R 1 ) 2 N + R 2 S0 3 * wherein R is a C 6 -C 18 
hydrocarbyl group, preferably a C 10 -C 16 alkyl group, more preferably a C 12 -C 13 alkyl group, each R 1 is typically (^-63 
25 alkyl, preferably methyl, and R 2 is a C r C 6 hydrocarbyl group, preferably a CyC^ alkylene or, preferably, hydroxy- 
alkylene group. 

Ampholvtic surfactant 

so Ampholyte surfactants can be incorporated into the compositions herein. These surfactants can be broadly 
described as aliphatic derivatives of secondary or tertiary amines, or aliphatic derivatives of heterocyclic secondary and 
tertiary amines in which the aliphatic radical can be straight chain or branched. 

Cationic surfactants 

35 

Cationic surfactants can also be used in the compositions herein. Suitable cationic surfactants include the quater- 
nary ammonium surfactants selected from mono C 6 -C 18 , preferably C 6 -C 10 N-aJkyl or alkenyl ammonium surfactants 
wherein the remaining N positions are substituted by methyl, hydroxyethyl or hydroxypropyl groups. 

Of all of the above, the preferred surfactant systems are low foaming nonionic surfactant, selected for its wetting 
40 ability, preferably selected from ethoxylated and/or propoxylated nonionic surfactants, more preferably selected from 
nonionic ethoxylatedftropoxyiated fatty alcohol surfactants. 

Builder System 

45 A highly preferred component of the rinsing compositions of the present invention is a detergent builder system 

which is preferably present at a level of from 0% to 60% by weight, more preferably from 1% to 30% by weight most 

preferably from 2% to 20% weight of the composition. 

The detergent builder system is preferably water-soluble, and can, for example, contain builder compounds 

selected from monomeric polycarboxylates and their acid forms or homo or copolymer*; polycarboxylic acids and their 
50 salts in which the polycarboxylic acid comprises at least two carboxylic radicals separated from each other by not more 

than two carbon atoms. 

Suitable water-soluble monomeric or oligomeric carboxylate builders can be selected from a wide range of com- 
pounds but such compounds preferably have a first carboxyl logarithmic acicOty/constant (prtj) of less than 9. preferably 
of between 2 and 8.5, more preferably of between 2.5 and 7.5. 
55 The carboxylate or polycarboxylate builder can be monomeric or oligomeric in type although monomeric polycar- 
boxylates are generally preferred for reasons of cost and performance. Monomeric and oligomeric builders can be 
selected from acyclic, alicyclic heterocyclic and aromatic carboxylates. 

Suitable carboxylates containing one carboxy group include the water soluble salts of lactic acid, glycdic acid and 
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ether derivatives thereof. Polycarboxyiates containing two carboxy groups include the water-soluble salts of succinic 
acid, malonic acid, (ethylenedioxy) diacetic acid, maleic acid, diglycolic acid, tartaric acid, tartronic acid and fumaric 
acid, as well as the ether carboxylates and the sulfinyl carboxylates. Polycarboxyiates containing three carboxy groups 
include, in particular, water-soluble citrates, aconitrates and citraconates as well as succinate derivatives such as the 

5 carboxymethyiaxysuccinates, lactoxysuccinates, and aminosuccinates, and the oxypolycarboxylate materials such as 
2-oxa- 1 , 1 ,3-propane tricarboxylates, 

Polycarboxyiates containing four carboxy groups include oxydisuccinates, 1,1,2,2-ethane tetracarboxylates, 
1,1,3,3-propane tetracarboxylates and 1,1,2,3-propane tetracarboxylates. Polycarboxyiates containing sulfo substitu- 
ents include the sulfosuccinate derivatives, and the sulfonated pyrolysed citrates. 

jo Alicyclic and heterocyclic polycarboxyiates include cyclopentane-cis,ds,cis-tetracarbQxylates, cyclopentadienide 
pentacarboxylates, 2,3,4,5-tetrahydroturan - cis, cis, cis-tetracarboxyiates, 2,5-tetrahydrofuran - cis - dicarboxylates, 
2,2,5,5-tetrahydrofuran - tetracarboxylates. 1 ,2,3.4,5.6-hexane - hexacarboxylates and carboxymethyl derivatives of 
polyhydric alcohols such as sorbitol, marmitol and xylitol. Aromatic polycarboxyiates include mellitfc acid, pyromellitic 
acid and the phthalic acid derivatives disclosed in British Patent No. 1 .425,343. 

15 Of the above, the preferred polycarboxyiates are hydraxycarboxylates containing up to three carboxy groups per 
molecules, more particularly citrates or citric acid. 

The parent acids of the monomeric or oligomeric polycarboxyiate cheating agents or mixtures thereof with their 
salts, e.g. citric acid or citrate/citric acid mixtures are also contemplated as components of builder systems of rinse com- 
positions in accordance with the present invention. 

20 The carboxyiate or polycarboxyiate builder compounds described above can also have a dual function as pH con- 
trolling agents. 

Optional Builders 

25 It is known in the art that selected builders descrfoed in this optional builder section will, if present at underbuilt lev- 
els in the rinse water, exacerbate any scaling problems and therefore, for this reason, are less desirable as builders than 
the materials described above. 

Not withstanding the foregoing, the alkali metal, ammonium and alkanolammonium salts of polyphosphates (exem- 
plified by the tripolyphosphates, pyrophosphates, and glassy polymeric meta-phosphates) may be used as optional 

so components of builder systems of rinse compositions in accordance with the present invention. Specific examples of 
phosphate builders are the alkali metal tripolyphosphates, sodium, potassium and ammonium pyrophosphate, sodium 
and potassium orthophosphate, sodium polymeta/phosphate in which the degree of polymerisation ranges from about 
6 to 21, and salts of phytic acid. 

Other water-soluble detergent builders include, but are not limited to, silicates, carbonates (including bicarbonates 

35 and sesquicarbonates). sulfates, borate builders, as well as builders containing borate-fbrming materials that can pro- 
duce borate under detergent storage or wash conditions can also be used. 

Suitable silicates include the water soluble sodium silicates with an Si0 2 : Na 2 0 ratio of from 1 .0 to 2.8, with ratios 
of from 1 .6 to 2.4 being preferred, and 2.0 ratio being most preferred. The silicates may be in the form of either the anhy- 
drous salt or a hydrated sari 

40 The compositions of the invention may also include less water soluble builders although preferably their levels of 
incorporation are minimized. Examples of such less water soluble builders include the crystalline layered silicates, and 
the largely water insoluble sodium aluminosilicates. 

Heavy metal ion sequestrants 

45 

The rinsing compositions herein may also optionally contain transition metal chelating agents (sequestrants). 
These chelating agents may also have calcium and magnesium chelation capacity, but preferentially they bind heavy 
metal ions such as iron, manganese and copper. 

Heavy metal ion sequestrants are preferably present at a level of from 0.005% to 20%, more preferably from 0.1% 
so to 10%. most preferably from 0.2% to 5% by weight of the composition. 

Heavy metal ion sequestrants, which are acidic in nature, having for example carboxylic acid or phosphonic acid 
functionalities, may be present either in their acid form or as a complex/salt with a suitable counter cation such as an 
alkali or alkaline metal ion. ammonium, or substituted ammonium ion, or any mixtures thereof. Preferably any salts/com- 
plexes are water soluble. The molar ratio of said-counter cation to the heavy metal ion sequestrant is preferably at least 
55 1:1. 

Organo aminophosphonic acids are preferred additional heavy metal ion sequestrant components herein. By 
organo aminophosphonic acid it is meant herein an organic compound comprising at least one phosphonic acid group, 
and at least one amino group. 
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Suitable organo aminophosphonic acid components for use herein include the amino alkylene poly (alkylene phos- 
phonic acids) and nitrilo trimethylene phosphonic acids. Preferred are diethylene triamine penta (methylene phosphonic 
acid) and hexamethyiene diamine tetra (methylene phosphonic acid). 

Other suitable additional heavy metal ion sequestrants for use herein include nitrilotriacetic acid and polyaminoc- 
5 arboxyiic acids such as ethylenediaminotetracetic acid, or ethylenetriamine pentacetic acid. Still other suitable addi- 
tional heavy metal ion sequestrants for use herein are iminodiacetic acid derivatives such as 2-hydroxyethyl diacetic 
acid or glyceryl imino diacetic acid. 

Limg soap disper^nt cpmpound 

10 

The compositions of the invention may contain a lime soap dispersant compound, which has a li me soap dispersing 
power (LSDP). as defined hereinafter, of no more than 8, preferably no more Irian 7, most preferably no more than 6. 
The lime soap dispersant compound is preferably present at a level of from 0.1% to 40% by weight, more preferably 1% 
to 20% by weight, most preferably from 2% to 1 0% by weight of the compositions. 

15 A lime soap dispersant is a material that prevents the precipitation of alkali metal, ammonium or amine salts of fatty 
acids by calcium or magnesium ions. A numerical measure of the effectiveness of a lime soap dispersant is given by 
the lime soap dispersing power (LSDP) which is determined using the lime soap dispersion test as described in an arti- 
cle by H.C. Borghetty and CA Bergman, J. Am. Oil. Chem. Soc., volume 27, pages 88-90, (1950). This lime soap dis- 
persion test method is widely used by practitioners in this art field being referred to , for example, in the following review 

20 articles; W.N. Unfield, Surfactant Science Series, Volume 7, p3; W.N. Linfield, Tenside Surf. Dei , Volume 27, pages 
159-161, (1990); and M.K. Nagarajan, W.F. Maslar, Cosmetics and Toiletries, Volume 104, pages 71-73, (1989). The 
LSDP is the % weight ratio of dispersing agent to sodium oleate required to disperse the lime soap deposits formed by 
0.025g of sodium oleate in 30ml of water of 333ppm CaC03 (Ca:Mg = 32) equivalent hardness. 

Surfactants having good lime soap dispersant capability will include certain amine oxides, betaines, suffobetaines, 

25 alkyl ethoxysulfates and ethoxylated alcohols. 

Exemplary surfactants having a LSDP of no more than 8 for use in accord with the invention include C l6 -C 18 dime- 
thyl amine oxide, C 12 -C 18 alkyl ethoxysulfates with an average degree of ethoxylation of from 1-5, particularly C 12 -C 15 
alkyl ethoxysuHate surfactant with a degree of ethoxylation of about 3 (LSDP=4) and the C 13 -C 15 ethoxylated alcohols 
with an average degree of ethoxylation of either 12 (LSDP = 6) or 30, sold under the trade names Lutensol A012 and 

so Lutensol A030 respectively, by BASF GmbH. 

Solvent 

The compositions of the invention may contain organic solvents, particularly when formulated as liquids or gels. 
35 The compositions in accord with the invention preferably contain a solvent system present at levels of from 1% to 30% 
by weight, preferably from 3% to 25% by weight, more preferably form 5% to 20% by weight of the composition. The 
solvent system may be a mono or mixed solvent system. Preferably, at least the major component of the solvent system 
is of low volatility. 

Suitable organic solvent for use herein has the general formula RO(CH 2 C(Me)HO) n H, wherein R is an alkyl, alke- 
40 nyl, or alkyl aryl group having from 1 to 8 carbon atoms, and n is an integer from 1 to 4. Preferably, R is an alkyl group 
containing 1 to 4 carbon atoms, and n is 1 or 2. Especially preferred R groups are n-butyl or isobutyl. Preferred solvents 
of this type are 1 -n-butoxypropane-2-ol (n = 1): and 1(2-n-butoxy-1 -methylethoxy)propane-2-ol (n = 2), and mixtures 
thereof. 

Other solvents useful herein include the water soluble CARBITOL® solvents or water-soluble CELLOSOLVE® sol- 
45 vents. Water-soluble CARBITOL® solvents are compounds of the 2-(2 alkoxyethoxy)ethanol class wherein the aJkoxy 
group is derived from ethyl, propyl or butyl; a preferred water-soluble carbrtol is 2(2-butoxyethoxy) ethanot also known 
as butyl carbitol. Water-soluble CELLOSOLVE® solvents are compounds of the 2-aIkoxyethoxy ethanol class, with 2- 
butoxyethoxyethanol being preferred. 

Other suitable solvents are benzyl alcohol, and diols such as 2-ethyl-l,3-hexanediol and 2 f 2,4-trimethyl-1,3-pen- 
so tanediol. 

The low molecular weight, water-soluble, liquid polyethylene glycols are also suitable solvents for use herein. 

The alkane mono and diols, especially the C r C 6 alkane mono and diols are suitable for use herein. C r C 4 mono- 
hydric alcohols (eg: ethanol, propanol, isopropanol, butanol and mixtures thereof) are preferred, with ethanol particu- 
larly preferred. The C r C 4 dihydric aloohols, including propylene glycol, are also preferred. 

55 

Hydrotropes 

A highly preferred component of the compositions of the invention is a hydrotrope. The hydrotrope is typically 
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present at levels of from 0.5% to 20%, preferably from 1% to 10%, by weight 

Useful hydrotropes include sodium, potassium, and ammonium xylene sulfonates, sodium, potassium, and ammo- 
nium toluene sulfonate, sodium, potassium and ammonium cumene sulfonate, and mixtures thereof. 

5 Machine dishwashing method 

The rinse aid compositions in accordance with the present invention may be used in essentially any conventional 
machine dishwashing method performed using a dishwasher machine, which may be selected from any of those com- 
monly available on the market. 

w The machine dishwashing method typically comprises treating soiled articles, such as crockery, glassware, hollow- 
ware and cutlery, with an aqueous liquid having dissolved or dispersed therein an effective amount of detergent com- 
position. By an effective amount of detergent composition it is generally meant from 8g to 60g of detergent composition 
per wash, dissolved or dispersed in a wash solution volume of from 3 to 10 liters, which are typical product dosages 
employed in conventional machine dishwashing methods. The wash temperature may be in the range 40°C to 65°C as 

15 commonly is employed in such processes. The rinse aid composition is typically employed at levels of from 0.5g to 6g 
of rinse aid composition per rinse cycle. 

The following examples will serve to distinguish this invention from the prior art and illustrate its embodiment more 
fully. Unless otherwise indicated, all parts, percentages and portions referred to are by weights. 

20 Example 1 

In this example, the calcium phosphate scale inhibition of each polymer was determined using the procedure 
described below. 

STP and calcium chloride stock solutions were seperately prepared in a pH 10.0 borax buffer. STP hexahydrate of 
25 over 99.5% purity as verified by 31 P NMR was supplied by FMC, Princeton, NJ. 

50 ml 1 mM STP and 50 ml 10 mM calcium chloride solutions were prepared from the stock solutions via dilution 
with the pH 10 buffer. A stock polymer solution to be tested was added into either the STP solution or the Ca 2+ solution 
to give a final concentration of 100 ppm polymer once the STP and Ca 2+ solutions were mixed. In a control reaction, 
the polymer solution was not added. 
so 50 ml 1 mM STP and 50 ml 1 0 mM calcium chloride solutions were preheated in a water bath thermostated at 55°C 
and equipped with a submerged stirrer. 

STP solution was added quickly into the calcium chloride solution while stirring. 

After 1 0 min. of mixing, the solution was filtered through a 0.45 micron filter under vacuum. The filtered solution was 
then analyzed for tripolyphosphate concentration. Three milliliters of the filtered solution was added into a 50 ml flask, 
35 followed by the addition of 25 ml 4N H 2 S0 4 , and then D.I water was added to the mark. The flask was then immersed 
in boiling water for one hour to completely hydrolyze tripolyphosphate to orthophosphata Finally, the resultant ortho- 
phosphate concentration was determined using a molybdenum blue method, following the standard procedure 
described in VogeTs text book of Qualitative Inorganic Analysis (J. Bassett et al, 1978), except that the color reagent, 
sodium mdybdate, was prepared in de-ionized water rather than in H 2 S0 4 solution. A standard curve was created 
40 using known concentrations of STP solutions. 

The results were reported as percent inhibition calculated by the following formula: 

% inhibition = PbOio^o^-FsOio^Icq^ x 10Q% 
45 [ P 3^10 llrtlfa] "1^3^10 1 control 



wherein PaO^troated means a concentration of phosphate ion in the filtrate in the presence of the inhibitor; [P3O10 5 " 
Icontroi mean a concentration of phosphate ion in the filtrate in the absence of inhibitor and [PaOtr/linitiai means a con- 
50 centration of phosphate ion before precipitation reaction. 

Example 2 

The results of scale inhibitor polymers within the scope of the invention and of a variety of other commercial scale 
55 inhibitors for comparison are given in Table 1 . 
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Table 1 





Polymer 


Source 


% Inhibition 


5 


1)PAA/MMA/SPME/SMS 


Alcosperse 240 supplied by AJco Chemical 


100% 




2)PAA/Acrylamide (200,000, MW) 


Supplied by Aldrich 


100% 




3)PAA/N-Vinyl pyrrolidone 


ACP 1042 supplied by ISP Technologies, !nc 


100% 




4)PAA/N-Vinyl pyrrolidone 


Acrylidone 1001 supplied by ISP 


68% 


TO 


5)PAA/SPME 


Aquatreat MPS supplied by AJco chemical 


96% 




6)PAA/SPME 


Aquatreat AR 540 supplied by AJco chemical 


94% 




7)PAA/AMPS 


Acumer 3100 supplied by Rohm & Haas 


94% 


15 


8)PAA/AMPS 


Acumer 2000 supplied by Rohm & Haas 


92% 




9)PAA/AMPS/SSS 


K-798 supplied by BF Goodrich 


95% 




10)PAA/AMPS 


K-775 supplied by BF Goodrich 


94% 




11)PAA/AMPS/SSS 


K-797 supplied by BF Goodrich 


100% 


20 


12)Polyacrylic acid 


Colloid 106 supplied by Rhone-Pouiene Inc. 


0% 




13)Polyacrylic acid (2,100 MW) 


Supplied by Aldrich 


0% 




14)Polyacryiic acid/methacrylic acid 


Colloid 226/35 supplied by Rhone-Poulene Inc. 


0% 


25 


15)Polyacrylate 


BSI 82 supplied by Buckman Lab 


0% 




16)Sodium acryiate silicate ester 


SASE supplied by Buckman Lab 


0% 




1 7) PAA/Phosphonate 


Casi 773 supplied by Buckman Lab 


0% 




18)Polymaieic acid 


Belclene 200 supplied by FMC 


0% 


30 


19)PAA/maleic acid (50,000 MW) 


Supplied by Aldrich 


0% 




20)Porymaleic anhydride/styrene 


Supplied by Aldrich 


0% 




21)PAA/Maleic acidArinyl acetate 


SuppGed by Huls 


0% 


35 


22JATMP 


Dequest 2006 supplied by Monsanto 


0% 




23JHEDP 


Dequest 2010 supplied by Monsanto 


0% 




24)Polyaspartic acid MW =1 ,500 - 3,000 


Sokalan ES 9959 supplied by BASF 


0% 


40 


25)Sodium polyaspartate MW =18,000 


QRXP-1448 supplied by Rohm & Haas 


0% 


26)PAA/Sucrose/SMS (50:33:17, wt%) 


Prepared according to WO 9401476 


0% 



Symbols given above represent the following: 



45 PAA: polyacrylic acid 

MMA: Methyl methacrylate 

SPME: Surfophenol methallyl ether 

SMS: Sodium methallyl sulfonate 

AMPS: 2-acrylamido-2-methylpropane sulfonic acid 
so SSS: Sodium styrene sulfonate 

ATMP: Amino tri (methylene phosphonic acid) 

HEDP: 1-hydroxyethylene, (1,1-diphosphonicacid) 

As this example demonstrates, polymers 1-11 which lie within the scope of the invention are effective arrti sealants 
55 in comparison to polymers 1 2 - 26 which are outside the scope of the invention. It is especially noteworthy that, the ter- 
polymer, polyacrylic acid/maleic acid/vinyl acetate (#21), claimed in DE4415804; the organo diphosphonic acid (#23), 
claimed in EP-A- 659,873 and the polyamino compound, polyaspartic acid and its sodium salt (#24 and #25), claimed 
in EP-A- 561 .464 are not effective for inhibition of calcium tripolyphosphate precipitation under highly underbuilt condi- 
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tions. Particularly, the terpotymer of acrylic acid, sucrose and 2-methallyl sulfonate (#26) claimed in WO 95/32271, 
which falls outside the scope of the present invention was observed to be an ineffective antiscalant 

5x?mp»e3 

5 

Samples of the polymers which were found to be effective in Example 2 were further formulated into compositions 
and tested in a dishwasher to determine their effectiveness in preventing the formation of glass filming when incorpo- 
rated into a rinse composition. 

Machine dishwashing experiments were carried out under the following conditions using a Bosch model 6082 dish- 
w washer: 55°C; Economy cycle, 400 ppm water hardness as CaC03. Ten clean glass tumblers were uses as wash arti- 
cles and loaded into the top rack of the dishwasher. 

For the main wash cycle, a STP-buitt tablet composition commercially available in Europe was used. Trie compo- 
sition is shown in Table 2 below. 



Table 2 



Ingredient 


% Weight 


STP 


55.0 


Sodium cfisiiicate (80%) 


27.6 


Perborate monohydrate 


9.0 


TAED (83%)* 


2.4 


Protease 


3.0 


Amylase 


1.8 


Nonionic surfactant 


1.0 


Perfume 


0.15 


BTA* 


0.05 



TAED = N.N.N Wetraaoetylethyl- 

ene diamine. 

BTA = Benzotriazole 



35 

At the start of the final rinse cycle, 3 g of a liquid rinse aid composition as shown in Table 3 were added: 



Table 3 



Ingredient 


%bywt. 


Nonionic surfactant 


14.5% 


Citric acid 


5% 


Sodium xylene sulfonate 


5% 


water 


balance 



Comparative tests were carried out with the rinse aid composition (Sample 1 described in Table 3) and with the 
so compositions containing a polymer at a level of 6.6% (as solid), which corresponds to a level of 40 ppm in the rinse 
water. 

At the end of the whole wash cycle, the drinking glasses were visually graded by an expert panel for filming. Grade 
scales of from 0 to 5 were used to measure filming depositions, where a grade of 0 indicates no visible filming, a grade 
of 1 indicates a trace filming, a grade of 2 indicates a slight filming, a grade of 3 indicates a moderate filming, a grade 
55 of 4 indicates a heavy filming and a grade of 5 indicates coverage with a very heavy, opaque filming. The following film- 
ing scores were obtained: 
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Samples 


Trade name 


Glass filming 


1) Control -no polymer 




2.5 


2) PAA/MMA/SPME/SME 


Alcosperse 240 


0.8 


3) PAA/SPME 


AquatreatAR 540 


1.0 


4) PAA/SPME 


AquatreatMPS 


1.5 


5) PAA/AMPS 


Acumer3100 


1.3 


6) PAA/AMPS/SSS 


Goodrich K-798 


1.6 



15 Symbols given above represent the following: 

PAA: polyacrylic acid 
MM A: Methyl methacrylate 
SPME: Sulfophenol methallyl ether 
20 SMS: Sodium methallyl sulfonate 

AMPS: 2-acrylamido-2-methylpropane sulfonic acid 
SSS: Sodium styrene sulfonate 

As this example demonstrates, addition of polymers within the scope of the invention to the rinse composition sig- 
25 nrficantly reduces glass filming. 

Example 4 

This example further demonstrates the effectiveness of one of the above polymers, Alcosperse 240, in improving 
so glass appearance, when incorporated into a rinse composition used with two different commercially available STP-built 
tablet products, Tablet 1 and Tablet 2. The composition of Tablet 1 is shown in Table 2 of Example 3. The composition 
of Tablet 2 is shown in Table 4. 



Table 4 



Ingredient 


% Weight 


STP 


48.0 


Sodium disilicate (80%) 


12 


Carbonate 


6.0 


Perborate monohydrate 


8.0 


TAED (83%)* 


2.5 


Protease 


4.5 


Amylase 


1.5 


Nonfonic surfactant 


2.0 


BTA* 


0.05 



*TAED = N.N^Wetraacetylethyl- 

ene diamine. 

BTA a Benzotriazole 



55 The same experimental conditions as in Example 3 were followed except that glasses were loaded at the bottom 
rack of the dishwasher (for the runs with Tablet 1) and that 10 consecutive runs were carried out in this example with 
Alcosperse 240 used at a level of 6.6% in the rinse aid composition. Identical tests with a rinse aid containing no poly- 
mer were conducted as controls. The following filming soores were obtained: 
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20 



Glass Filming Score 


Run# 


Tablet 1 


Tablet 2 




+AJcosperse 240 


•Alcosperse 240 


+ Alcosperse 240 


-Alcosperse 240 


1 


1.6 


2.8 


1.4 


2.7 


2 


1.7 


3.5 


1.5 


3.1 


3 


1.7 


3.9 


1.6 


3.1 


4 


1.7 


4.0 


1.5 


3.1 


5 


1.7 


4.0 


1.5 


3.2 


6 


1.8 


4.0 


1.5 


4.0 


7 


1.8 


4.0 


1.5 


4.1 


8 


1.8 


4.0 


1.5 


4.1 


9 


1.8 


4.0 


1.5 


4.1 


10 


1.8 


4.1 


1.5 


4.1 



As demonstrated in this example, the scale growth via multiple washes is well controlled by addition of Alcosperse 
240 to the rinse aid composition of the invention. 

25 

Claims 

1. A rinse aid composition comprising: 

30 a) an effective amount of a polymer having 

(i) 50 wt. % to 99% by weight of an olef inically unsaturated carboxylic acid monomer, and 

(ii) 1 wt. % to 50 wt % of at least one monomer unit selected from the group consisting of copolymerizable 
sulfonated monomers, copolymerizable nonionic monomers and mixtures thereof; and 

35 

b) water. 

2. A rinse aid composition according to claim 1 wherein the polymer has an average molecular weight in the range of 
from 1500 to 250,000. 

40 

3. A rinse aid composition according to claim 1 wherein the olefinically unsaturated carboxylic acid monomer is 
selected from the group consisting of aliphatic, branched or cyclic monocarboxylic acids, aliphatic, branched or 
cyclic dicarboxylic acids, aliphatic, branched or cyclic polycarboxylic acids, alkali earth metal, alkaline earth metal 
or ammonium salts thereof, anhydrides thereof and mixtures thereof. 

45 

4. A rinse aid composition according to claim 3 wherein the aliphatic acids are monoolef tnic acrylic acids containing 
a substituent selected from the group consisting of hydrogen, halogen, hydroxy!, monovalent alkyl radicals, mono- 
valent aryl radicals, monovalent aralkyl radicals, monovalent alkaryl radcals and monovalent cycloaliphatic radi- 
cals. 

50 

5. A rinse aid composition according to claim 1 wherein the sulfonated monomers contain compounds selected from 
the group consisting of allyl hydraxypropanyl sulfonate ether, allyteulfonic acid, methallylsuHonic acid, styrene sul- 
fonic acid, vinyl toluene sulfonic acid, acrylamino alkane sulfonic acid, allyloxybenzene sulfonic acid, 2-alkyially- 
loxybenzene sulfonic acids such as 4-suHbphenol methallyl ether, and the alkali earth metals thereof, alkaline earth 

55 metals thereof, ammonium salts thereof and mixtures thereof. 

6. A rinse aid composition according to claim 1 wherein the nonionic monomers are vinyl or allyl compounds selected 
from the group consisting of C r C6 alkyl esters of (meth) acrylic acid, acrylamide. C r C 6 alkyl substituted acryla- 
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Samples 


Trade name 


Glass filming 


1) Control -no polymer 




2.5 


2) PAA/MMA/SPME/SME 


Alcosperse 240 


0.8 


3) PAA/SPME 


Aquatreat AR 540 


1.0 


4) PAA/SPME 


AquatreatMPS 


1.5 


5) PAA/AMPS 


Acumer 3100 


1.3 


6) PAA/AMPS/SSS 


Goodrich K-798 


1.6 ; 



is Symbols given above represent the following: 

PAA: polyacrylic acid 
MMA: Methyl methacrylate 
SPME: Sulfophenol methallyl ether 
20 SMS: Sodium methallyl sulfonate 

AMPS: 2-acrylarrado-2-methyIpropane sulfonic acid 
SSS: Sodium styrene sulfonate 

As this example demonstrates, addition of polymers within the scope of the invention to the rinse composition sig- 
25 nif icantly reduces glass filming. 

Example 4 

This example further demonstrates the effectiveness of one of the above polymers, Alcosperse 240. in improving 
so glass appearance, when incorporated into a rinse composition used with two different commercially available STP-built 
tablet products, Tablet 1 and Tablet 2. The composition of Tablet 1 is shown in Table 2 of Example 3. The composition 
of Tablet 2 is shown in Table 4. 



Table 4 



Ingredient 


% Weight 


STP 


48.0 


Sodium disiltcate (80%) 


12 


Carbonate 


6.0 


Perborate monohydrate 


8.0 


TAED (83%)* 


2.5 


Protease 


4.5 


Amylase 


1.5 


Nonionic surfactant 


2.0 


BTA* 


0.05 



TAED = N.N^T.N'-tetraacetyfelhyt- 

ene diamine. 

BTA = Benzotri azote 



55 The same experimental conditions as in Example 3 were followed except that glasses were loaded at the bottom 
rack of the cfishwasher (for the runs with Tablet 1) and that 10 consecutive runs were carried out in this example with 
Alcosperse 240 used at a level of 6.6% in the rinse aid composition. Identical tests with a rinse aid containing no poly- 
mer were conducted as controls. The following filming scores were obtained: 
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Glass Filming Score 


5 


Run# 


Tablet 1 


Tablet 2 






+Alcosperse 240 


-Alcosperse 240 


♦AJcosperse 240 


-Alcosperse 240 




1 


1.6 


2.8 


1.4 


2.7 




2 


1.7 


3.5 


1.5 


3.1 


70 


3 


1.7 


3.9 


1.6 


3.1 




4 


1.7 


4.0 


1.5 


3.1 




5 


1.7 


4.0 


1.5 


3.2 


15 


6 


1.8 


4.0 


1.5 


4.0 


7 


1.8 


4.0 


1.5 


4.1 




8 


1.8 


4.0 


1.5 


4.1 




9 


1.8 


4.0 


1.5 


4.1 


20 


10 


1.8 


4.1 


1.5 


4.1 



As demonstrated in this example, the scale growth via multiple washes is well controlled by addition of Alcosperse 
240 to the rinse aid composition of the invention. 

25 

Claims 

1 . A rinse aid corrposition comprising: 

30 a) an effective amount of a polymer having 

(i) 50 wt. % to 99% by weight of an olef inically unsaturated carboxylic acid monomer, and 

(ii) 1 wt % to 50 wt. % of at least one monomer unit selected from the group consisting of copolymerizaWe 
sulfonated monomers, copolymerizable nonionic monomers and mixtures thereof; and 

35 

b) water. 

2. A rinse aid composition according to claim 1 wherein the polymer has an average molecular weight in the range of 
from 1500 to 250,000. 

40 

3. A rinse aid composition according to claim 1 wherein the olef inically unsaturated carboxylic acid monomer is 
selected from the group consisting of aliphatic, branched or cyclic monocarboxylic acids, aliphatic, branched or 
cyclic dicarboxylic acids, aliphatic, branched or cyclic polycarboxyltc adds, alkali earth metal, alkaline earth metal 
or ammonium salts thereof, anhydrides thereof and mixtures thereof. 

45 

4. A rinse aid composition according to claim 3 wherein the aliphatic acids are monoolef inic acrylic acids containing 
a substituent selected from the group consisting of hydrogen, halogen, hydroxy), monovalent alkyl radicals, mono- 
valent ary! radicals, monovalent aralkyl radicals, monovalent alkaryi radicals and monovalent cycloaliphatic radi- 
cals. 

50 

5. A rinse aid composition according to claim 1 wherein the sulfonated monomers contain compounds selected from 
the group consisting of ally! hydraxypropanyl sulfonate ether, allylsutfonic acid, methallylsutfonic acid, styrene sul- 
fonic acid, vinyl toluene sulfonic acid. % acrylamino alkane sulfonic acid, allyloxybenzene sulfonic acid, 2-aIkylally- 
loxybenzene sulfonic acids such as 4-sulfophenol methallyl ether, and the alkali earth metals thereof, alkaline earth 

55 metals thereof, ammonium salts thereof and mixtures thereof. 

6. A rinse aid composition according to claim 1 wherein the nonionic monomers are vinyl or allyl compounds selected 
from the group consisting of C^Oq alkyl esters of (meth) acrylic acid, acrylamide, <VC S alkyl substituted acryla- 
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mides, N-alkyl-substrtuted acrylamides, N-alkanol-substituted acryiamides and N-vinyl pyrrolidone. 

7. A rinse aid composition according to claim 1 wherein the preferred polymer is a tetra polymer of sodium methallyi 
sulfonate, acrylic acid and methyl methacryfate and 4-sulfophenol methaflyt ether having a formula: 

5 

CH 2 =C(CH3)CH20C 6 H4S03M 

where M represents hydrogen, alkali metal, alkaline earth metal or ammonium ions. 

10 8. A rinse aid composition according to claim 1 wherein the polymer contains a copolymer selected from the group 
consisting of a copolymer of acrylic acid and 4-sulfophenol methallyi ether, a copolymer of acrylic acid and 2-acry- 
lamido-2-methylpropane sulfonate, a terporymer of acrylic acid, 2-aaylamido-2-methylpropane sulfonate, and 
sodium styrene sulfonates, a copolymer of acrylic acid and vinyl pyrrolidones, a copolymer of acrylic acid and acr- 
ylamide, and mixtures thereof. 

15 

9. A rinse aid composition according to claim 1 wherein the composition further comprises from 1 wt % to 40 wt. % 
of a surfactant. 

1 0. A method of rinsing tableware in a machine dishwasher with a rinse aid composition useful for inhibiting scale com- 
20 prising the steps of: 

a) preparing a rinse aid composition comprising 

(i) an effective amount of a polymer having 50 wt % to 99% by weight of an oief inically unsaturated car- 
25 boxylic acid monomer and 1 wt % to 50 wt. % of at least one monomer unit selected from the group con- 
sisting of copolymerizable sulfonated monomers, copolymerizable nonionic monomers and mixtures 
thereof, and 

(ii) water; and 

so b) introducing the rinse aid composition into a rinse cycle of a machine dishwasher to inhtoit scale formation. 

11. A method accordng to claim 10 wherein the polymer has an average molecular weight in the range of from 1500 
to 250.000. 

35 12. A method according to claim 10 wherein the olefinically unsaturated carboxyfic acid monomer is selected from the 
group consisting of aliphatic, branched or cyclic monocarboxylic acids, aliphatic, branched or cyclic dicarboxylic 
acids, aliphatic, branched or cyclic pofycarboxylic acids, alkali earth metal, alkaline earth metal or ammonium salts 
thereof, anhydrides thereof and mixtures thereof. 

40 1 3. A method according to claim 12 wherein the aliphatic acids are monoolef inic acrylic acids containing a substituent 
selected from the group consisting of hydrogen, halogen, hydroxyl, monovalent alkyl radicals, monovalent aryl rad- 
icals, monovalent aralkyl radicals, monovalent alkaryl radicals and monovalent cycloaliphatic radicals. 

14. A method according to claim 10 wherein the sulfonated monomers contain compounds selected from the group 
45 consisting of allyl hydroxypropanyt sulfonate ether, allylsulfonic acid, methaQylsulfonic acid, styrene sulfonic acid, 
vinyl toluene sulfonic add, acrylamino alkane sulfonic acid, allyloxybenzene sulfonic acid, 
2-alkylallyloxybenzene sulfonic acid such as 4-sulfophenol methallyi ether, and the alkali earth metals thereof, alka- 
line earth metals thereof, ammonium salts thereof and mixtures thereof. 

so 15. A method according to claim 10 wherein the nonionic monomers are vinyl or ally compounds selected from the 
group consisting of C r C 6 alkyl esters of (meth) acrylic acid, acrylamide. C r C 6 alkyl substituted acrylamides. N- 
alkyl-substituted acrylamides, N-alkanol-substituted acrylamides and N-vinyl pyrorolidone. 

16. A method according to claim 10 wherein the preferred polymer is a tetra polymer of sodium methallyi sulfonate, 
55 acrylic acid and methyl methacrytate and 4-suifophenoI methallyi ether having a formula: 

CH 2 =C(CH3)CH20C 6 H4SQ3M 
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where M represents hydrogen, alkali metal, alkaline earth metal or ammonium tons. 

1 7. A method according to claim 10 wherein the polymer contains a copolymer selected from the group consisting of a 
copolymer of acrylic acid and 4-sulfophenol methallyl ether, a copolymer of acrylic acid and 2-acrylamido-2-meth- 
ylpropane sulfonate, a terpolymer of acrylic acid, 2-acryiarrddo-2-methylpropane sulfonate, and sodium styrene 
sulfonates, a copolymer of acrylic acid and vinyl pyrrolidones, a copolymer of acrylic acid and acrylamide, and mix- 
tures thereof. 

1 8. A method according to daim 1 0 wherein the composition further comprises from about 1 wt. % to 40 wt. % of a sur- 
factant. 

19. A rinse aid composition according to claim 10 wherein the composition further comprises from 0 wt. % to 60 wt % 
of a builder. 

20. A rinse aid composition according to claim 19 wherein the builder can be a citrate or citric acid. 
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